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SEMICONDUCTOR DEVICE HAVING 
MULTILAYER WIRING AND 

MANUFACTURING METHOD THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
2003-022394, ?led Jan. 30, 2003, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

having multilayer Wiring, formed by stacking a number of 
Wiring layers, and a method for manufacturing the semicon 
ductor device. 

2. Description of the Related Art 
Various semiconductor devices having multilayer Wiring 

are noW available. In accordance With the development of 
the Silicon-On-Chip (SOC) technique, system LSIs, for 
example, Which have various IP (Intellectual Property) 
devices, such as a memory, logic, analog circuit, etc., 
mounted on a single chip, have become available. SOC 
devices, such as system LSIs incorporating several types of 
IP device, are manufactured by very time-consuming, com 
plicated processes. In particular, SOC devices having more 
than ten Wiring layers are manufactured by an extremely 
complicated process. HoWever, SOC products generally 
have a short life cycle. Therefore, it is very important to 
shorten the turnaround time (TAT) of the development of 
SOC products. 

In the case of, for example, LSIs, in Which semiconductor 
elements such as transistors are formed on a semiconductor 

substrate, and Wiring layers are sequentially deposited on the 
resultant structure, about tWenty days are needed to 
manufacture, by Way of trial, a half-?nished product in 
Which transistors and a ?rst Wiring layer are provided on a 
semiconductor substrate (hereinafter referred to as an 
“underlayer”). Further, about ?ve days are needed to form 
one Wiring layer. To form ten Wiring layers, for example, on 
the above-mentioned underlayer, about ?fty days are 
needed. Accordingly, about seventy days are required to 
form a complete product including an underlayer With ten 
Wiring layers. 
As described above, the conventional semiconductor 

device manufacturing process, in particular, the process of 
manufacturing multilayer SOC products, is very 
complicated, and hence a lot of time is needed to develop a 
trial product (LOT) and/or manufacture such devices. In 
addition, the life cycle of SOC products is short, as previ 
ously mentioned, Which makes it impractical to develop trial 
products using much time. 

BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the invention, there is provided 
a method of manufacturing a semiconductor device having 
a number of Wiring layers, comprising: forming an 
underlayer, the underlayer including a substrate, at least one 
underlayer Wiring layer provided on the substrate, and a ?rst 
attachment surface; forming at least one upper structure, the 
upper structure including at least one upper Wiring layer and 
a second attachment surface; and positioning the upper 
structure and the underlayer and attaching the ?rst and 
second attachment surfaces to each other. 
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2 
According to another aspect of the invention, there is 

provided a semiconductor device having a number of Wiring 
layers, comprising: an underlayer including a substrate, at 
least one underlayer Wiring layer provided on the substrate, 
and a ?rst attachment surface; and at least one upper 
structure including at least one upper Wiring layer and a 
second attachment surface attached to the ?rst attachment 
surface. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a sectional vieW illustrating the structure of a 
semiconductor device, according to an embodiment of the 
invention, obtained by attaching an upper structure having 
multilayer Wiring to an underlayer including a semiconduc 
tor substrate; 

FIG. 2A is a sectional vieW useful in explaining a manu 
facturing step of a ?rst multilayer Wiring region as the 
underlayer of the semiconductor device of FIG. 1; 

FIG. 2B is a sectional vieW useful in explaining a manu 
facturing step of the ?rst multilayer Wiring region next to the 
step of FIG. 2A; 

FIG. 2C is a sectional vieW useful in explaining a manu 
facturing step of the ?rst multilayer Wiring region next to the 
step of FIG. 2B; 

FIG. 3A is a sectional vieW useful in explaining a manu 
facturing step of the ?rst multilayer Wiring region next to the 
step of FIG. 2C; 

FIG. 3B is a sectional vieW useful in explaining a manu 
facturing step of the ?rst multilayer Wiring region next to the 
step of FIG. 3A; 

FIG. 4 is a sectional vieW useful in explaining the process 
of forming a second multilayer Wiring region on a silicon 
substrate, this region being prepared separately from the 
underlayer and ?rst multilayer Wiring region of the semi 
conductor device shoWn in FIG. 1; 

FIG. 5 is a sectional vieW useful in explaining the process 
of forming a third multilayer Wiring region on a silicon 
substrate, this region being prepared separately from the 
underlayer and second multilayer Wiring region of the 
semiconductor device shoWn in FIG. 1; 

FIG. 6A is a sectional vieW illustrating, in detail, the 
attachment surfaces of the ?rst and second multilayer Wiring 
regions, obtained before attachment; 

FIG. 6B is a sectional vieW illustrating, in detail, the 
attached ?rst and second multilayer Wiring regions; 

FIG. 7A is a sectional vieW illustrating, in detail, the 
attachment surfaces of the second and third multilayer 
Wiring regions, obtained before attachment; 

FIG. 7B is a sectional vieW illustrating, in detail, the 
attached second and third multilayer Wiring regions; 

FIG. 8A is a sectional vieW useful in explaining the step 
of providing a solder ball on the attachment portion of the 
third multilayer Wiring region of a semiconductor device 
according to another embodiment; 

FIG. 8B is a sectional vieW useful in explaining the step, 
next to the step of FIG. 8A, of covering the solder ball With 
an interlayer insulation ?lm; 

FIG. 8C is a sectional vieW useful in explaining the step, 
next to the step of FIG. 8B, of attaching the attachment 
surfaces of the second and third multilayer Wiring regions of 
the semiconductor device; 

FIG. 8D is a sectional vieW illustrating the structure 
resulting from the attachment step shoWn in FIG. 8C; 
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FIG. 9A is a sectional vieW illustrating a Wiring section 
formed in a silicon substrate according to yet another 
embodiment, the Wiring section being used as the attach 
ment portion of the third multilayer Wiring region of the 
semiconductor device; 

FIG. 9B is a sectional vieW useful in explaining the step 
of attaching the attachment surfaces of the second and third 
multilayer Wiring regions of the semiconductor device 
shoWn in FIG. 9A; 

FIG. 9C is a sectional vieW illustrating the structure 
resulting from the attachment step shoWn in FIG. 9B; 

FIG. 10A is a sectional vieW useful in explaining the step 
of forming a Wiring section in high quality glass substrate 
having the attachment surface of the second multilayer 
Wiring region of a semiconductor device according to a 
further embodiment; 

FIG. 10B is a sectional vieW useful in explaining the step, 
next to the step of FIG. 10A, of attaching the attachment 
surfaces of the second and third multilayer Wiring regions of 
the semiconductor device; and 

FIG. 10C is a sectional vieW illustrating the structure 
resulting from the attachment step shoWn in FIG. 10B using 
Wirings formed in the high quality glass substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiments of the invention Will be described With 
reference to the accompanying draWings. Each of the 
embodiments described beloW contains a plurality of Wiring 
layers, Which are similar to those of the other embodiments. 
In the draWings, the structural elements included in the 
Wiring layers that have the same functions are denoted by the 
same reference numerals, but With different letter suf?xes, 
such as 60a, 60b, 60c, . . . , as shoWn in FIG. 1, and no 

repeated explanation Will be given of the same structural 
elements. Further, in the embodiments, copper-diffusion 
stopper layers are provided at necessary portions of Wiring 
layers that are formed of copper. HoWever, it is a matter of 
course that a similar function to that obtained from the above 
structure can be obtained, if Wiring layers formed of a metal 
other than copper or formed of a material containing copper 
are provided, and if appropriate diffusion stopper layers are 
provided at necessary portions of these Wiring layers. 

FIG. 1 shoWs the sectional structure of the entire semi 
conductor device of the embodiment, in Which eleven Wiring 
layers that include ?ve Wiring layers forming an underlayer 
are provided on a predetermined semiconductor substrate 
10. 

As shoWn, the semiconductor device comprises: a ?rst 
multilayer Wiring region 101 formed of ?ve Wiring layers on 
the semiconductor substrate 10 and serving as the under 
layer; a second multilayer Wiring region 102 formed of four 
Wiring layers on the region 101 and serving as the ?rst upper 
structure; and a third multilayer Wiring region 103 formed of 
tWo Wiring layers on the region 102 and serving as the 
second upper structure. 

The underlayer, i.e., the ?rst multilayer Wiring region 101, 
comprises the semiconductor substrate 10, MOS transistors 
108 and 109 provided on the substrate 10, a ?rst Wiring layer 
110 as an underlayer Wiring layer, and second to ?fth Wiring 
layers 100a—100a' as underlayer Wiring layers, the ?rst to 
?fth Wiring layers being provided on the substrate 10 in this 
order. 

The second multilayer Wiring region 102 as the ?rst upper 
structure comprises sixth to ninth Wiring layers 100e—100h. 
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4 
The third multilayer Wiring region 103 as the second upper 
structure comprises tenth and eleventh Wiring layers 100i 
and 100j, passivation ?lms 90 and 91 and high-quality glass 
substrate 83b. 

To provide the semiconductor device shoWn in FIG. 1, 
each of the ?rst to third multilayer Wiring regions 101—103 
are formed separately. After that, the regions 101—103 are 
attached to each other, forming one body. 
The sequential steps of forming the ?rst multilayer Wiring 

region 101 Will be described. 
Firstly, a P Well 11a and N Well 11b are formed in the 

semiconductor substrate 10. Element-isolating insulation 
?lms 12a and 12b for shalloW trench isolation (STI), for 
example, are formed on the substrate 10 at the upper 
boundaries of the Wells 11a and 11b, respectively. 

First and second MOS transistors 108 and 109 are formed 
in the P and N Wells 11a and 11b, respectively. After that, a 
thin insulation ?lm 18 is formed on the substrate 10 having 
the ?rst and second MOS transistors. 

The ?rst Wiring layer 110 is formed on the insulation ?lm 
18. The ?rst Wiring layer 110 comprises an interlayer 
insulation ?lm 20, interlayer barrier layer 21 (hereinafter 
referred to as an “etch stopper”), interlayer insulation ?lm 
(loW-k ?lm) 24, etch stopper 25, and copper-diffusion stop 
per ?lm 39, Which are deposited in this order. 

Further, in the ?rst Wiring layer 110, a ?rst Wiring section 
111 having a contact 23, a Wiring section 211 and indepen 
dent Wires 212 and 213 are formed in respective predeter 
mined portions of the interlayer insulation ?lm 24 and etch 
stopper 25. The loWer end of the contact 22 of the ?rst 
Wiring section 111 extends through the insulation ?lm 18 
and reaches one 17c of the source/drain regions of the ?rst 
MOS transistor 108, as is shoWn in FIG. 2C. 

The second Wiring layer 100a is formed on the ?rst Wiring 
layer 110. The second Wiring layer 100a comprises an 
interlayer insulation ?lm 41a, etch stopper 42a and copper 
diffusion stopper ?lm 60a formed on the copper-diffusion 
stopper ?lm 39 in this order. 
The second Wiring layer 100a further comprises a second 

Wiring section 112a, dependent Wire 214a and independent 
Wires 215a and 216a. The loWer surface of the second Wire 
112a in the second Wiring layer 100a is connected to the 
upper surface of the ?rst Wiring section 111 of the ?rst 
Wiring layer 110. Further, the dependent Wire 214a is 
connected to the Wiring section 211. 
The third to ?fth Wiring layers 100b—100a' provided on the 

second Wiring layer 100a have the same structure as the 
second Wiring layer 100a. More speci?cally, like the second 
Wiring layer 100a, the third to ?fth Wiring layers 100b—100a' 
have interlayer insulation ?lms 41b —41a', etch stoppers 
42b—42d, copper-diffusion stopper ?lms 60b—60a', third 
—?fth Wiring sections 112b—112a', dependent Wires 
214b—214d and independent Wires 215b—215d and 
216b—216a', respectively. 

The ?rst to ?fth Wiring sections 111 and 112a —112d are 
sequentially stacked in this order so that they can be elec 
trically connected to each other. The ?fth Wiring layer 100d 
has no copper-diffusion stopper ?lm, unlike the other Wiring 
layers beloW. The reason for it Will be described later. 

The uppermost layer of the ?rst multilayer Wiring region 
101 shoWn in FIG. 1 is the etch stopper 42d. Further, the 
surface of the etch stopper 42d is formed such that the upper 
surfaces of the ?fth Wiring section 112d, dependent Wire 
214a' and independent Wires 215a' and 216d are exposed 
therethrough. 
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If necessary, a passivation ?lm (not shown) is formed on 
the uppermost etch stopper 42a' for protecting the interior of 
the ?rst multilayer Wiring region 101 as the underlayer from 
various mechanical, chemical damages. The passivation ?lm 
is removed, as described later, When the ?rst multilayer 
Wiring region 101 as the underlayer and the second multi 
layer Wiring region 102 are attached to each other, forming 
one body. This is because it is necessary to expose the upper 
surface of the ?fth Wiring section 112a' and polish it to a 
mirror ?nish, in order to connect the ?fth Wiring section 
112d to a sixth Wiring section 1136 formed in the sixth 
Wiring layer 1006. 
On the other hand, in this embodiment, the loWer surface 

of the sixth Wiring layer 1006 is not covered With a passi 
vation ?lm, but With high quality glass substrate. This glass 
substrate is also removed before the ?rst and second regions 
101 and 102 are attached. The reason for this Will also be 
described later. 

The upper surface of the ?fth Wiring section 112d is 
polished to a mirror ?nish by, for example, CMP, thereby 
forming an attachment surface. The thus-polished upper 
surface of the ?rst multilayer Wiring region 101 is pressed 
against the similarly formed attachment surface of the 
second multilayer Wiring region 102, Whereby the regions 
101 and 102 are attached to each other, Without using any 
adhesive. The principle of this attaching phenomenon is 
Well-known so that a further explanation is omitted here. 

The second multilayer Wiring region 102, and the ?rst 
multilayer Wiring region 101 Whose upper surface is 
attached to the former, are formed separately. The structure 
of the second multilayer Wiring region 102 Will noW be 
described. 

The sixth Wiring layer 1006 of the second multilayer 
Wiring region 102 is formed by sequentially depositing, on 
a high quality glass substrate, an etch stopper 71a, interlayer 
insulation ?lm 726, etch stopper 736 and copper-diffusion 
stopper ?lm 806 in this order, as Will be described in detail 
later. The sixth Wiring layer 1006 further comprises a sixth 
Wiring section 1136 and independent Wiring sections 2176 
and 2186. 
When the ?rst and second multilayer Wiring regions 101 

and 102 are attached to each other, the bottom surface of the 
sixth Wiring section 1136 of the sixth Wiring layer 1006 is 
connected to the upper surface of the ?fth Wiring section 
112d of the ?fth Wiring layer 100d. 

The second multilayer Wiring region 102 further com 
prises seventh to ninth Wiring layers 100f—100h sequentially 
deposited on the sixth Wiring layer 1006. The seventh to 
ninth Wiring layers 100f—100h have the same structure as the 
sixth Wiring layer 1006, and comprise interlayer insulation 
?lms 72f—72h, etch stoppers 73f—73h, copper-diffusion stop 
per ?lms 80f—80h, seventh to ninth Wiring sections 
113f—113h and independent Wiring sections 217f—217h and 
218f—218h, respectively. The sixth Wiring section 1136 to 
ninth Wiring section 113h are connected. Like the Wiring 
layer 100d, the ninth Wiring layer 100h has no copper 
diffusion stopper ?lm. 

Thus, the uppermost layer of the second multilayer Wiring 
region 102 shoWn in FIG. 1 is the etch stopper 73h. The 
ninth Wiring section 113h and independent Wiring sections 
217h and 218h are formed in the uppermost Wiring layer 
100h of the second multilayer Wiring region 102, such that 
they are exposed through the etch stopper 73h. 

If necessary, a passivation ?lm (not shoWn) is formed on 
the uppermost etch stopper 73h for protecting the surface of 
the Wiring layer 100h until the attachment Work is started. In 

10 

15 

25 

35 

40 

45 

55 

65 

6 
the structure shoWn in FIG. 1, hoWever, this passivation is 
removed since the attachment Work has already been per 
formed. Thus, When the second multilayer Wiring region 102 
is attached to the third multilayer Wiring region 103 formed 
separately, it is necessary to remove the passivation ?lm, and 
to expose the upper surface of the ninth Wiring section 113h 
so that the section 113h can be connected to a tenth Wiring 
section 114i formed in the tenth Wiring layer 100i. 

In this embodiment, a protection ?lm of high quality glass 
is used instead of a passivation ?lm, as Will be described in 
detail later. The third multilayer Wiring region 103 is 
attached, by pressing, to the upper surface of the second 
multilayer Wiring region 102 via mirror-?nished attachment 
surfaces. 
The structure of the third multilayer Wiring region 103 

Will be described in detail. 
The tenth Wiring layer 100i of the third multilayer Wiring 

region 103 is formed by sequentially depositing an etch 
stopper 71b, interlayer insulation ?lm 94i, etch stopper 95i, 
interlayer insulation ?lm 96i and copper-diffusion stopper 
?lm 97i in this order. The tenth Wiring layer 10i further 
comprises the tenth Wiring section 114i and an independent 
Wiring section 219i formed at predetermined positions. The 
bottom surface of the tenth Wiring section 114i in the tenth 
Wiring layer 110i is exposed through the bottom surface of 
the etch stopper 71b, and connected to the upper surface of 
the ninth Wire 113h of the ninth Wiring layer 100h. 
The third multilayer Wiring region 103 also comprises an 

eleventh Wiring layer 100j stacked on the tenth Wiring layer 
100i. The eleventh Wiring layer 100j has a structure similar 
to that of the tenth Wiring layer 100i, and comprises an 
interlayer insulation ?lm 94j, etch stopper 95j, interlayer 
insulation ?lm 96j, copper-diffusion stopper ?lm 97j, elev 
enth Wiring section 114j and independent Wiring section 
219j. The upper surface of the tenth Wiring section 114i is 
connected to the bottom surface of the eleventh Wiring 
section 114j. 

Passivation ?lms 90 and 91 and high quality glass sub 
strate 83b are sequentially formed on the upper surface of 
the copper-diffusion stopper ?lm 97j of the eleventh Wiring 
section 100j of the third multilayer Wiring region 103. 
As described above, the ?rst multilayer Wiring region 101 

as the underlayer, the second multilayer Wiring region 102 as 
the ?rst upper structure, and the third multilayer Wiring 
region 103 as the second upper structure are formed indi 
vidually. The semiconductor device of a multilayer Wiring 
structure, Which has the semiconductor substrate 10 and 
eleven Wiring layers 110 and 100a—100j as shoWn in FIG. 1, 
can be easily obtained simply by pressing, against each 
other, the mirror-?nished attachment surfaces of the ?rst to 
third multilayer Wiring regions 101, 102 and 103. 

Thus, the source/drain region 17c of the transistor 108 is 
connected to all of the ?rst to eleventh Wiring regions 111, 
112a—112a', 1136—113h, 114i, and 114j of the ?rst to third 
multilayer Wiring regions 101—103. 

Referring noW to FIGS. 2A—3B, a detailed description 
Will be given of the process of manufacturing the ?rst 
multilayer Wiring region 101 as the underlayer of the semi 
conductor device shoWn in FIG. 1. 

Firstly, as shoWn in FIG. 2A, the P Well 11a and N Wells 
11b and 11c are formed on the semiconductor substrate 10. 
The element-isolating insulation ?lms 12a and 12b are 
formed at the boundary portions betWeen different conduc 
tivity type Wells on the semiconductor substrate 10, i.e., 
betWeen the Wells 11a and 11b, and betWeen the Wells 11a 
and 11c. 
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A gate oxide ?lm 13b, gate electrode 14b and insulation 
layer 15b are sequentially formed on the P Well 11a betWeen 
the element-isolating insulation ?lms 12a and 12b. In this 
state, lightly doped drain (LDD) regions for source/drain 
regions are formed in the surface of the semiconductor 
substrate 10 adjacent to the gate oxide ?lm 13b by, for 
example, ion implantation, using the insulation layer 15b as 
a mask. 

After forming the LDD regions, gate sideWall insulation 
?lms 16c and 16d are formed at the opposite ends of the gate 
oxide ?lm 13b, gate electrode 14b and insulation layer 15b. 
Subsequently, source/drain regions 17b and 17c are formed 
by, for example, ion implantation, using the gate sideWall 
insulation ?lms 16c and 16d as masks. 

As a result, the MOS transistor 108 is formed on the P 
Well 11a. 

Similarly, the MOS transistor 109 is formed on the N Well 
11b isolated by the element-isolating insulation ?lm 12b. 
Like the MOS transistor 108, the MOS transistor 109 
comprises a gate oxide ?lm 13c, gate electrode 14c, insu 
lation layer 15c, gate sideWall insulation ?lms 16c and 16f, 
and source/drain regions 17d and 176 having LDD regions. 

Further, an electrode structure similar to the MOS tran 
sistor 108 is formed on the element-isolating insulation ?lm 
12a, the electrode structure having a gate oxide ?lm 13a, 
gate electrode 14a, insulation layer 15a, gate sideWall insu 
lation ?lms 16a and 16b. Since this electrode structure is 
formed on the element-isolating insulation ?lm 12a, no 
source/drain regions are formed. In other Words, the gate 
electrode 14a on the element-isolating insulation ?lm 12a is 
used as, for example, a Wire. The source/drain region 17a 
formed in the N Well 11c indicates one of the source and 
drain regions of a MOS transistor (not shoWn). 

After that, the thin gate insulation ?lm 18 is formed on the 
entire surface of the semiconductor substrate 10 that 
includes the MOS transistors 108 and 109. Further, the 
interlayer insulation ?lm 20 and copper-diffusion stopper 
?lm 21 are formed on the entire gate insulation ?lm 18. 

In this state, the interlayer insulation ?lm 20 and copper 
diffusion stopper ?lm 21 are etched to form a metal barrier 
layer 22 and contact 23 on the source/drain region 17c of the 
most transistor 108. Thereafter, the metal barrier layer 22 
and contact 23 are formed by, for example, the single 
damascene method. After forming the metal barrier layer 22 
and contact 23, the diffusion stopper ?lm 21 is polished by 
CMP, thereby making the diffusion stopper ?lm 21 level 
With the metal barrier layer 22 and contact 23. 

Furthermore, the interlayer insulation ?lm (loW-k ?lm) 24 
and etch stopper 25 are sequentially deposited on the dif 
fusion stopper ?lm 21. This state is shoWn in FIG. 2A. 

Subsequently, as shoWn in FIG. 2B, an insulation ?lm 26 
is deposited on the etch stopper 25, and a resist ?lm 27 is 
formed on the insulation ?lm 26. The resist ?lm 27 is 
patterned by standard photolithography. After that, using the 
patterned resist ?lm 27 as an etching mask, selected portions 
of the interlayer insulation ?lm 24, etch stopper 25 and 
insulation ?lm 26 are etched, thereby forming Wiring 
trenches 28a, 28b, 28c and 28d that reach the diffusion 
stopper ?lm 21. 
As a result, the upper surface of the contact 23 is exposed 

through the Wiring groove or trench 28d. The Wiring 
trenches 28a—28c are formed, for example, above the 
element-isolating insulation ?lm 12a on Which the MOS 
transistors 108 and 109 are not formed. After forming the 
Wiring trenches 28a—28a', the resist ?lm 27 and insulation 
?lm 26 are removed. 
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Referring to FIG. 2C, a metal barrier layer 30 is formed 

on the surface of the Wiring trench 28d, and a metal layer is 
deposited on the metal barrier layer 30, thereby forming a 
?rst Wire 35. At the same time, metal barrier layers 31, 32 
and 33 and Wires 36, 27 and 38 are formed in the Wiring 
trenches 28a, 28b and 28c, respectively. 
The metal barrier layer 22, contact 23, metal barrier layer 

30 and ?rst Wire 35 form the ?rst Wiring section 111. 
Similarly, the metal barrier layer 31 and Wire 36 form the 
Wiring section 211, the metal barrier layer 32 and Wire 37 
form the independent Wiring section 212, and the metal 
barrier layer 33 and Wire 38 form the independent Wiring 
section 213. 
The copper-diffusion stopper ?lm 39 is formed on the 

upper surfaces of the etch stopper 25, ?rst Wiring section 
111, Wiring section 211 and independent Wiring sections 212 
and 213. The resultant structure is the ?rst Wiring layer 110 
of the underlayer 101. 

Referring to FIG. 3A, the aforementioned interlayer insu 
lation ?lm 41a and etch stopper 42a and an insulation ?lm 
43a are sequentially formed on the interlayer insulation ?lm 
39. Furthermore, a resist ?lm 44 of a predetermined ?rst 
pattern is deposited for the dual damascene method. Using 
the resist ?lm 44 of the ?rst pattern as an etching mask, the 
interlayer insulation ?lm 41a, etch stopper 42a and insula 
tion ?lm 43a are etched, thereby forming via holes 40a and 
40b at predetermined portions of the ?lms. The via holes 40a 
and 40b are provided on the Wiring section 211 and ?rst 
Wiring section 111, respectively. 

To form predetermined Wiring grooves or trenches 
51a—51d, the resist ?lm 44 is patterned into the second 
pattern as shoWn in FIG. 3A. Using the resist ?lm 44 of the 
second pattern as the etching mask, etching is performed 
again, thereby forming a Wiring trench 51a continuous With 
the via hole 40a and a Wiring trench 51b continuous With the 
via hole 40b, and Wiring trenches 51c and 51d adjacent to the 
Wiring trench 51a. After forming these Wiring trenches, the 
resist ?lm 44 and insulation ?lm 43a are removed. 

Referring to FIG. 3B, a barrier layer 46a is formed on the 
surfaces of the via hole 40b and Wiring trench 51b, and a 
conductor such as copper is deposited on the barrier layer 
46a, thereby forming a second Wire 50a. Similarly, a barrier 
layer 46b and Wire 47a are formed on the surfaces of the via 
hole 40a and Wiring trench 51a. Further, metal barrier layers 
44a and 45a and Wires 48a and 49a are formed in the Wiring 
trenches 51c and 51d, respectively. 
The metal barrier layer 46b and Wire 47a form the 

dependent Wiring section 214a, and the metal barrier layer 
46a and second Wire 50a form the second Wiring section 
112a. The metal barrier layer 44a and Wire 48a form the 
independent Wiring section 215a, and the metal barrier layer 
45a and Wire 49a form the independent Wiring section 216a. 
Thus, the dependent Wiring section 214a and second Wiring 
section 112a are formed by, for example, the dual damascene 
method. 
The thus-formed dependent Wiring section 214a and 

independent Wiring section 216a are connected to the Wiring 
section 211 and ?rst Wiring section 111, respectively. 
The etch stopper 42a, dependent Wiring section 214a, 

independent Wiring sections 215a and 216a and second 
Wiring section 112a are ?attened by CMP. The copper 
diffusion stopper ?lm 60a is formed on the ?attened surface. 
As a result, the second Wiring layer 100a as shoWn in FIG. 
3B is obtained. 
As described above referring to FIG. 1, the ?rst multilayer 

Wiring region 101 as the underlayer comprises the ?rst to 
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?fth Wiring layers 110 and 100a—100a' sequentially formed 
on the semiconductor substrate 10. The third to ?fth Wiring 
layers 100b—100a' have the same structure as the second 
Wiring layer 100a, and respectively comprise: interlayer 
insulation ?lms 41b—41d; etch stoppers 42b—42d, copper 
diffusion stopper ?lms 60b—60d, the dependent Wiring sec 
tions 214b—214d having metal barrier layers 43b—43d and 
dependent Wires 47b—47d; the independent Wiring sections 
215b—215d having metal barrier layers 44b—44d and Wires 
48b—48d; the independent Wiring sections 216b—216d hav 
ing metal barrier layers 45b—45d and Wires 49b—49a'; and the 
third to ?fth Wiring sections 112b—112a' having metal barrier 
layers 46b—46d and third to ?fth Wires 50b—50a'. 

The aforementioned copper-diffusion stopper ?lm is not 
formed on the upper surface of the ?rst multilayer Wiring 
region 101 provided on the semiconductor substrate 10. 
Instead, a high quality glass substrate (not shoWn) is pro 
vided on the upper surfaces of the etch stopper 42d, depen 
dent Wiring section 214d, independent Wiring sections 215a' 
and 216a' and ?fth Wiring section 112d, Which are uppermost 
layers of the ?rst multilayer Wiring region 101. This high 
quality glass substrate is provided, if necessary, to secure the 
mechanical strength of the ?rst multilayer Wiring region 101 
until the region 101 is attached to the second multilayer 
Wiring region 102. Further, the ?rst to ?fth Wiring sections 
111 and 112a—112a' are vertically linearly arranged on the 
source/drain region 17c of the transistor 108 so that they are 
connected to each other. 

The high quality glass substrate is formed of SiN, SiC, 
etc. The manner of providing a high quality glass substrate 
on the ?rst multilayer Wiring region 101 is Well knoWn, 
therefore is not described. 

The gate oXide ?lms 13a—13c are formed of, for eXample, 
SiO2, While the gate electrodes 14a—14c are formed of, for 
eXample, poly-silicon. 
As described above, in the embodiment shoWn in FIG. 1, 

the ?rst multilayer Wiring region 101 on the semiconductor 
substrate 10 comprises the ?ve Wiring layers 110 and 
100a—100d. In a particular IP (Intellectual Property) device, 
such as a DRAM, three or four Wiring layers are used in a 
memory core. In this case, it is considered to be proper to 
sequentially deposit three or four Wiring layers on a sub 
strate to form the memory core, instead of attaching the 
layers to each other. HoWever, if a larger number of Wiring 
layers than three or four are used to form a semiconductor 
device other than the memory core, the attachment method 
according to this embodiment may be preferable. 

Since the embodiment employs eleven Wiring layers in 
total, the siX Wiring layers, other than the ?ve Wiring layers 
used as underlayer Wiring layers, are grouped into tWo 
multilayer Wiring regions, i.e., the ?rst upper structure of 
four layers and second upper structure of tWo layers, and are 
attached to the underlayer region. 

Referring to FIG. 4, a description Will be given of the 
second multilayer Wiring region 102 as the ?rst upper 
structure, Which is to be attached to the upper surface of the 
?rst multilayer Wiring region 101 as shoWn in FIG. 1. In 
FIG. 4, the second multilayer Wiring region 102 is formed on 
a silicon substrate different from the substrate 10. 
As seen from FIG. 4, a siXth Wiring layer 1006 is formed 

on a silicon substrate 70a as a semiconductor substrate 

prepared in addition to the silicon substrate 10 of FIG. 1. The 
layer 1006 comprises an etch stopper 71a, interlayer insu 
lation ?lm 726, etch stopper 736 and copper-diffusion stop 
per ?lm 806. 

The siXth Wiring layer 1006 further comprises a siXth 
Wiring section 1136 having a metal barrier layer 766 and 
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siXth Wire 796, an independent Wiring section 2176 having 
a metal barrier layer 746 and Wire 776, and an independent 
Wiring section 2186 having a metal barrier layer 756 and 
Wire 786, these sections being formed at predetermined 
positions. Like the Wiring section 112a, the siXth Wiring 
section 1136 can be formed by depositing copper in a Wiring 
trench that is formed by the dual damascene method. 
Further, the independent Wiring sections 2176 and 2186 can 
be formed by depositing copper in a Wiring trench that is 
formed by the single damascene method. 
A positioning mark (not shoWn) is beforehand provided 

on the silicon substrate 70a, and is used in a later process for 
attaching the ?rst multilayer Wiring region 101 to the second 
multilayer Wiring region 102, in order to accurately connect 
the siXth Wiring section 1136 to the ?fth Wiring section 113d 
of the multilayer Wiring region 101. 
The second multilayer Wiring region 102 has four Wiring 

layers, i.e., the seventh to ninth Wiring layers 100f—100h 
sequentially formed on the siXth Wiring layer 1006. The 
seventh to ninth Wiring layers 100f—100h have the same 
structure as the siXth Wiring layer 1006, and respectively 
comprise: interlayer insulation ?lms 72f—72h; etch stoppers 
73f—73h; copper-diffusion stopper ?lms 80f and 80g; the 
independent Wiring sections 217f—217h having metal barrier 
layers 74f—74h, Wires 77f—77h; the independent Wiring sec 
tions 218f—218h having the metal barrier layers 75f—75h and 
Wires 78f—78h; and the seventh to ninth Wiring sections 
113f—113h having metal barrier layers 76f—76h and seventh 
to ninth Wires 79f—79h. 
A copper-diffusion stopper ?lm similar to that provided 

on each of the other Wiring layers 1006—100g is not formed 
on the upper surface of the ninth Wiring layer 100h. Instead, 
high quality glass substrate 83a is provided on the upper 
surfaces, ?attened by CMP, of the etch stopper 73h as the 
uppermost portion of the second multilayer Wiring region 
102, and the independent Wiring sections 217k and 218k and 
ninth Wiring section 113h Which are eXposed in the same 
plane as the etch stopper 73h. The high quality glass 
substrate 83a is provided to secure the mechanical strength 
of the second multilayer Wiring region 102 until the region 
102 is attached to the third multilayer Wiring region 103. 
Further, the siXth to ninth Wiring sections 1136—113h are 
vertically linearly arranged on the substrate 70a so that they 
are connected to each other. 

The second multilayer Wiring region 102 and high quality 
glass substrate 83a on the silicon substrate 70a shoWn in 
FIG. 4 can be manufactured by knoWn techniques, therefore 
are not described. 

Referring to FIG. 5, a description Will be given of the 
multilayer Wiring structure provided on the silicon substrate 
70b as the third multilayer Wiring region 103 shoWn in FIG. 
1. 
As shoWn in FIG. 5, the tenth Wiring layer 100i is formed 

on a silicon substrate 70b prepared in addition to the 
substrate 10 and substrate 70a. The tenth Wiring layer 100i 
comprises an etch stopper 71b, interlayer insulation ?lm 94i, 
etch stopper 95i, interlayer insulation ?lm 96i and copper 
diffusion stopper ?lm 97i formed in this order. The tenth 
Wiring layer 100i further comprises the tenth Wiring section 
114i having a metal barrier layer 86i and tenth Wire 88i, and 
the independent Wiring section 219i having a metal barrier 
layer 85i and Wire 87i, these Wiring sections being formed 
at predetermined positions. 

Like the Wiring section 112a, the tenth Wiring section 114i 
can be formed by depositing copper in a Wiring trench 
formed by the dual damascene method. The independent 
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Wiring section 87i can be formed by depositing copper in a 
Wiring trench formed by the single damascene method. 

Like the silicon substrate 70a in FIG. 4, the silicon 
substrate 70b has, for example, a positioning mark (not 
shoWn) formed thereon. This mark is used in a later process 
for attaching the third multilayer Wiring region 103 to the 
second multilayer Wiring region 102, in order to accurately 
connect the tenth Wiring section 114i to the ninth Wiring 
section 11h of the second multilayer Wiring region 102. 

The third multilayer Wiring region 103 also has the 
eleventh Wiring layer 100j formed on the tenth Wiring layer 
100i. The eleventh Wiring layer 100j has a structure similar 
to that of the tenth Wiring layer 100i, and comprises an 
interlayer insulation ?lm 94j, etch stopper 95j, interlayer 
insulation ?lm 96j, copper-diffusion stopper ?lm 97j, elev 
enth Wiring section 114j having a metal barrier layer 86j and 
tenth Wire 88j, and independent Wiring section 219j having 
a metal barrier layer 85 j and Wire 87j. The tenth and eleventh 
Wiring sections 114i and 114j are formed at predetermined 
positions so that they are connected to each other. 

The passivation ?lms 90 and 91 and high-quality glass 
substrate or layer 83b are sequentially formed on the upper 
surface of the copper-diffusion stopper ?lm 97j. In this 
embodiment, since the third multilayer Wiring region 103 is 
the uppermost layer of the semiconductor device, the pas 
sivation ?lms 90 and 91 are provided. Further, the high 
quality glass layer 83b is attached to increase the mechanical 
strength of the region 103, as in the second multilayer Wiring 
region 102 shoWn in FIG. 4. HoWever, since no further 
Wiring layer is attached to the third multilayer Wiring region 
103, the high quality glass layer 83b may be removed by 
polishing after the attachment is ?nished. 

The third multilayer Wiring region 103, passivation ?lms 
90 and 91 and high quality glass layer 83b on the silicon 
substrate 70b shoWn in FIG. 5 can be manufactured by 
knoWn techniques, therefore are not described. 

Although copper is used as a conductive material depos 
ited to form each contact, via hole and Wiring section shoWn 
in FIGS. 1—5, other various conductive materials, such as a 
composite conductive material containing copper, may be 
used. Further, in the embodiment, the etch stoppers are 
formed of, for example, an SiN insulation ?lm, and the 
copper-diffusion stopper ?lms are formed of, for example, 
SiN. Furthermore, the interlayer insulation ?lms are formed 
of, for example, SiO2 containing phosphorus or boron. The 
interlayer insulation ?lms may be formed of FSG. 

In addition, the interlayer insulation ?lms, for example, 
may have a laminated (multilayer) structure With layers of 
different materials, instead of the single-layer structure. 
As described above, in the embodiment, the ?rst to third 

multilayer Wiring regions 101—103 are formed separately. 
These multilayer Wiring regions 101—103 are attached to 
each other to form the semiconductor device shoWn in FIG. 
1. Referring noW to FIGS. 6A—7B, the manner of attaching 
the multilayer Wiring regions Will be described. 

FIG. 6A illustrates a state in Which the silicon substrate 
70a has been removed after the formation of the second 
multilayer Wiring region 102 and high quality glass substrate 
or layer 83a, thereby exposing the etch stopper 71a. 

FIG. 6A also illustrates the uppermost portion of the 
multilayer Wiring region 101 as the underlayer to be attached 
to the second multilayer Wiring region 102. In this state, the 
high quality glass layer provided, When necessary, on the 
?rst multilayer Wiring region 101 is removed, Whereby the 
etch stopper 42d, and the upper surfaces of the ?fth Wiring 
section 50d, dependent Wiring section 214a' and independent 
Wiring sections 215a' and 216d are exposed at the same level. 
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In the ?gure, the loWer surface of the etch stopper 71a, in 

Which the loWer surface of the sixth Wiring section 1136 is 
exposed, is assumed to be a second attachment surface 2. On 
the other hand, the upper surface of the etch stopper 42d, in 
Which the ?fth Wiring section 112d, dependent Wiring sec 
tion 214a' and independent Wiring sections 215a' and 216d 
are exposed, is assumed to be a ?rst attachment surface 1. 
The ?rst and second attachment surfaces 1 and 2 are 

polished to a mirror ?nish by, for example, CMP. 
Alternatively, the attachment surfaces may be ?rst subjected 
to rough CMP, and then to mirror-?nishing CMP using 
chemicals or a Wet process. 

Further, the polishing of the silicon substrate 70a shoWn 
in FIG. 4 to expose the loWer surface of the etch stopper 71a, 
and the polishing to expose the upper surface of the etch 
stopper 42d may be performed using a method other than 
CMP, i.e., for example, etching, if a mirror ?nish can be 
realiZed. 

In FIG. 6A, the mirror-?nished ?rst and second attach 
ment surfaces 1 and 2 are appropriately positioned and 
pressed against each other. As a result, they are strongly 
?xed on each other Without any adhesive. 

FIG. 6B shoWs the strongly ?xed attachment surfaces. In 
this case, the attachment surfaces are attached such that the 
?fth Wiring section 112d is connected to the sixth Wiring 
section 1136. Thus, the ?rst multilayer Wiring region 101 as 
the underlayer is attached to the second multilayer Wiring 
region 102 as the ?rst upper structure. Referring to FIGS. 7A 
and 7B, the process of attaching the resultant structure to the 
third multilayer Wiring region 103 as the second upper 
structure Will be described. 

FIG. 7A shoWs a state in Which the high quality glass layer 
83a provided on the uppermost layer of the second multi 
layer Wiring region 102 shoWn in FIG. 4 is removed by 
polishing, thereby exposing the etch stopper 73h. FIG. 7A 
also shoWs a state in Which the silicon substrate 70b of the 
third multilayer Wiring region 103 shoWn in FIG. 5 is 
removed by polishing, thereby exposing the etch stopper 
71b. In the ?gure, the upper surface of the etch stopper 73h, 
in Which the upper surfaces of the ninth Wiring section 113k 
and Wiring sections 217k and 218k are exposed, is assumed 
to be a third attachment surface 3. On the other hand, the 
loWer surface of the etch stopper 71b, in Which the tenth 
Wiring section 114i is exposed, is assumed to be a fourth 
attachment surface 4. 
The high quality glass substrate or layer 83a shoWn in 

FIG. 4 and the silicon substrate 70b shoWn in FIG. 5 can be 
removed by etching at a predetermined rate, or by means of 
a CMP method. Further, mirror ?nishing of the third and 
fourth attachment surfaces 3 and 4 is performed in the same 
manner as that of the ?rst and second attachment surfaces 1 
and 2. 

After mirror-?nishing, the third and forth attachment 
surfaces 3 and 4 are appropriately positioned and pressed 
against each other, With the result that they are attached 
strongly as shoWn in FIG. 7B. In this attached state, the ninth 
and tenth Wiring sections 113k and 114i are connected to 
each other. Thus, the semiconductor device shoWn in FIG. 1, 
having eleven Wiring layers 110 and 100a—100j, are com 
pleted. 
As described above, much time is not needed to prepare 

the separate multilayer Wiring regions 101 to 103 having the 
?rst and second mirror-?nished attachment surfaces 1 and 2, 
as Well as the third and fourth mirror-?nished attachment 
surfaces 3 and 4 and to attach them as one body. This can 
signi?cantly reduce the time required to manufacture a 
multilayered semiconductor device, compared to the prior 
art. 
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For example, the attachment technique of this embodi 
ment enabled a trial semiconductor device having a substrate 
10 and eleven Wiring layers, Which is similar to the semi 
conductor device of FIG. 1, to be produced in about 40 days. 
Speci?cally, about 20 days Were needed to form the ?rst 
Wiring layer 110 as an underlayer Wiring layer on the 
substrate 10, and about 20 days Were needed to form the four 
Wiring layers 100a—100a' on the layer 110 (i.e., about 5 days 
per one Wiring layer). Therefore, about 40 days Were needed 
to form the underlayer 101. 

Similarly, about 20 days Were needed to produce the 
second multilayer Wiring region 102 that has four Wiring 
layers. Further, about 10 days Were needed to form the third 
multilayer Wiring region 103 that has tWo Wiring layers. 
Therefore, if production of the three regions 101—103 is 
simultaneously started, the entire semiconductor device can 
be manufactured in about 40 days, since little time is needed 
to attach the regions. 
On the other hand, in the conventional technique, about 

20 days are needed to produce the underlayer having the ?rst 
Wiring layer 110, and about 50 days are needed to form ten 
Wiring layers 100a—100h on the underlayer (about 5 days are 
needed to form each Wiring layer). In total, about 70 days are 
needed. 

It is understood from the above that the method of the 
invention can reduce the manufacturing time by about 30 
days. 

If the method of the invention is applied to a semicon 
ductor device in Which 20 days are needed to produce an 
underlayer having a ?rst Wiring layer 110, and 50 days are 
needed to produce an upper structure having ten Wiring 
layers, the entire semiconductor device can be manufactured 
in 50 days. On the other hand, if the conventional method is 
employed, 70 days are needed, Which is about 1.4 times 
longer than needed in the present invention. 

Further, if the semiconductor device of FIG. 1 is divided 
into an underlayer having one Wiring layer, and tWo upper 
structures each having ?ve Wiring layers, and the underlayer 
and upper structures are manufactured separately, the entire 
device can be manufactured in only 25 days (since 20 days 
are needed for the underlayer, and 25 days are needed for 
each upper structure). In this case, if the conventional 
method is used, 70 days are needed, Which is about 2.8 times 
longer than needed in the present invention. 

The attachment method of the present invention is effec 
tive even When at least tWo multilayer Wiring regions 
(structures) are attached to each other. In the embodiment, 
the ?rst to fourth attachment surfaces 1—4 are attached to 
each other, With the metal surfaces of, for example, the 
Wiring layers exposed in the etch stopper surface that is 
formed of, for example, an SiN insulation ?lm. It Was found 
from the experiments that if 40% or more of each attachment 
surface is a metal, they could be attached appropriately. 
Under this condition, reliable attachment is realiZed. 

Further, as shoWn in FIGS. 1—6B, the ?rst to eleventh 
Wiring sections 111, 112a—112a', 113e—113h, 114i, and 114j 
connected to each other on the semiconductor substrate 10 
are constructed such that the higher the position, the thicker. 
This is because it is necessary to form the Wiring sections 
such that the higher the position, the loWer the resistance. 
Forming the upper Wiring sections thicker also serves to 
increase the ratio of the metal portion in each attachment 
surface, thereby further increasing the rigidity of attachment. 

Furthermore, in the embodiment of FIG. 1, When the 
multilayer Wiring region 101 as the underlayer has been 
formed, it should be checked, before attachment, Whether or 
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not this region is formed as designed. Similarly, When the 
?rst and second upper structures 102 and 103 have been 
formed, it should be checked, before attachment, Whether or 
not these regions are formed as designed. If, for example, 
only the region 103 is determined to be defective, it is 
suf?cient if only this region is re-produced, and hence only 
about ten days are further needed. 

On the other hand, in the conventional method in Which 
a number of Wiring layers are sequentially formed on a 
semiconductor substrate, When a portion corresponding to 
the region 103 has been determined to be defective, more 
than 60 days have already passed since the start of the 
manufacturing, i.e., more than 80% of the device has been 
completed. At this stage, the device must be re-produced 
from the beginning. 

In addition, in the embodiment, Wiring layers themselves 
are exposed through each attachment surface, and the 
exposed Wiring layers are directly attached to each other, 
thereby forming a multilayered semiconductor device. 
HoWever, the invention is not limited to this. If a metal of a 
large area is connected to each to-be-attached Wiring layer, 
and the resultant structures are attached to each other, the 
contacts of the Wiring layers can be positioned more easily 
and reliably. 

FIGS. 8A—10C are sectional vieWs illustrating an embodi 
ment based on this idea. A description Will be given of the 
embodiment, taking, as an example, the case Where the 
second and third multilayer Wiring regions 102 and 103 as 
shoWn in FIG. 1 are prepared separately. It is a matter of 
course that the same advantage can be obtained if the ?rst 
and second multilayer Wiring regions 101 and 102 are 
attached. 

Firstly, as shoWn in FIG. 5, the third multilayer Wiring 
region 103 is formed on the silicon substrate 70b. 
Subsequently, the substrate 70b and etch stopper 71b are 
polished. Further, the entire etch stopper 71b and the bottom 
surface of the metal barrier layer 86i are polished so that the 
loWer portion of the tenth Wire 88i of the tenth Wiring section 
114i is exposed. In this case, polishing is ?nished When the 
entire etch stopper 71b has been removed. 

After that, the surfaces of the tenth Wire 88i and metal 
barrier layer 86i exposed through and level With the loWer 
surface of the interlayer insulation ?lm 94i are dipped into 
melted solder and raised therefrom. As a result, an elliptic 
solder ball 98 is attached to the loWer surface of the tenth 
Wire 114i as shoWn in FIG. 8A. 

Thereafter, as shoWn in FIG. 8B, an interlayer insulation 
?lm 99 is formed on the interlayer insulation ?lm 94i such 
that it covers the solder ball 98. 

Thereafter, as shoWn in FIG. 8C, the solder ball 98 and 
interlayer insulation ?lm 99 are polished by, for example, 
CMP to the extent that the maximum sectional area, along 
the major axis, of the solder ball 98 to be attached to the 
second multilayer Wiring region 102 is exposed. The result 
ant attachment surface is further polished to a mirror ?nish 
by, for example, CMP. 
As a result, an attachment surface 5 is formed Which 

comprises a semi-spherical solder contact 98c forming a 
predetermined micro-bump contact, and the loWer surface of 
the interlayer insulation ?lm 99 level With the loWer surface 
of the contact. 
On the other hand, the high quality glass substrate 83 

formed as the uppermost layer of the second multilayer 
Wiring region 102 shoWn in FIG. 4 is polished to a mirror 
?nish. As a result, the second multilayer Wiring region 102, 
Which has the attachment surface 3 formed of the etch 
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stopper 73h and the ninth Wiring section 113k and Wiring 
sections 217k and 218k exposed in the stopper 73h, is 
prepared as shoWn in FIG. 8C. 

The mirror-?nished attachment surfaces 3 and 5 are 
appropriately positioned and pressed against each other, 
With the result that they are attached to each other. FIG. 8D 
shoWs the attachment result. As shoWn, the ninth and tenth 
Wiring sections 113k and 114i are electrically connected via 
the solder contact 98c. 

Since, thus, the solder contact 98c formed as the micro 
bump contact is provided on the loWer surface of the Wiring 
section 114i, the positioning tolerance is large and the 
attachment can be performed more reliably than in the 
embodiment of FIG. 1. 

In the above embodiment, the solder contact 98c formed 
as the micro-bump contact increases the attachment area of 
the tenth Wiring section 114i, thereby enabling reliable 
attachment. HoWever, reliable attachment can be realiZed by 
increasing the siZe of the via portion (the loWer small 
diameter portion) of the tenth Wiring section 114i, instead of 
using the solder contact 98c. 

Furthermore, in the above embodiment, the attachment 
area of the Wiring section 114i is increased by forming the 
solder contact 98c on the via portion of the section 114i. 
Alternatively, the attachment area may be increased by a 
Wiring section, corresponding to the solder contact 98c, 
Which is pre-formed in the portion of the silicon substrate 
70b that is aligned With the via portion of the Wiring section 
114i. 

FIGS. 9A—9C are sectional vieWs illustrating the alterna 
tive case. In this case, a Wiring section 122 is formed in the 
surface of the silicon substrate 70b just beloW the Wiring 
section 114i as shoWn in FIG. 9A, thereby increasing the 
attachment area. In this embodiment, elements similar to 
those of the above embodiment are denoted by correspond 
ing reference numerals, and no detailed description is given 
thereof. 

Firstly, as shoWn in FIG. 9A, a Wiring trench is formed in 
the silicon substrate 70b, and is then ?lled With a Wiring 
section 122 having a metal barrier layer 120 and copper 
Wiring section 121. 

After the Wiring section 122 is formed, the surface of the 
resultant structure is ?attened by CMP, and the third mul 
tilayer Wiring region 103 is formed thereon by the same 
process as that employed to form the structure of FIG. 5. 

Subsequently, as shoWn in FIG. 9B, the silicon substrate 
70b is etched by, for example, CMP until the loWer surface 
of the metal barrier layer 120 of the Wiring section 122 is 
exposed. After that, the exposed surface of the metal barrier 
layer 120 and the etched surface of the silicon substrate 70b 
are polished to a mirror ?nish by CMP, thereby forming an 
attachment surface 6. FIG. 9B shoWs the mirror-?nished 
attachment surface 6 and the upper surface, as the attach 
ment surface 3, of the second multilayer Wiring region 102. 

Thereafter, as shoWn in FIG. 9C, the attachment surfaces 
3 and 6 are appropriately positioned and pressed against 
each other, Whereby they are attached. In this state, the ninth 
Wiring section 113h of the second multilayer Wiring region 
102 is connected to the tenth Wiring section 114i of the third 
multilayer Wiring region 103 via the Wiring section 122. As 
described above, since the Wiring section 122, Which pro 
vides a larger attachment area than the via portion of the 
Wiring section 114i, is formed on the via portion, the 
attachment can be performed further reliably. 

Referring to FIGS. 10A—10C, yet another embodiment 
Will be described. In this embodiment, the high quality glass 
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substrate 83a shoWn in FIG. 4 has the function of preventing 
diffusion of copper. In the embodiment shoWn in FIGS. 
9A—9C, the high quality glass substrate 83a is completely 
removed to expose the etch stopper 73h. On the other hand, 
in the embodiment shoWn in FIGS. 10A—10C, the high 
quality glass substrate 83a is not removed, instead, a Wiring 
section 125 is formed in the glass substrate such that it is 
connected to the ninth Wiring section 113h as shoWn in FIG. 
10B. In this embodiment, elements similar to those of the 
above-described embodiments are denoted by correspond 
ing reference numerals, and no detailed description is given 
thereof. 

Firstly, as shoWn in FIG. 10A, a predetermined resist 
pattern 130 is formed, by standard photolithography, on the 
high quality glass substrate 83a that is provided on the 
second multilayer Wiring region 102 of FIG. 4. 

After forming the resist pattern 130, the high quality glass 
substrate 83a is etched using the resist pattern 130 as a mask, 
thereby exposing the upper surface of the Wiring section 79h 
of the ninth Wiring section 113h. Thus, a Wiring trench 123 
is formed in the high quality glass substrate 83a on the 
Wiring section 79h as shoWn in FIG. 10A. 

After forming the Wiring trench 123, the resist pattern 130 
is removed, and a Wiring section 126 having a metal battier 
layer 124 and copper Wire 125 is formed in the Wiring trench 
123 as shoWn in FIG. 10B. Thereafter, the upper surfaces of 
the Wiring section 126 and high quality glass substrate 83a 
are polished to a mirror ?nish by CMP, thereby providing an 
attachment surface 7. FIG. 10B shoWs the mirror-?nished 
attachment surface 7 and the loWer surface, as the attach 
ment surface 4, of the third multilayer Wiring region 103. 

Subsequently, as shoWn in FIG. 10C, the attachment 
surfaces 4 and 7 are appropriately positioned and pressed 
against each other, Whereby they are attached. In this state, 
the ninth Wiring section 113h is connected to the tenth Wiring 
section 114i of the third multilayer Wiring region 103 via the 
Wiring section 126 having a large area. 
As described above, if the high quality glass substrate 83a 

has the function of preventing diffusion of copper, it may be 
left, and the Wiring section 126, Which is to be connected to 
the Wiring section located above, eg the tenth Wiring 
section 114i, may be formed in the glass substrate. This 
structure can realiZe a strong attachment and enhanced 
conductivity. Further, the structure has an increased 
mechanical strength since the high quality glass substrate is 
not removed. Therefore, the second multilayer Wiring region 
102 can be easily handled When it is attached. 
As described above, copper Wires or Wires containing 

copper are used as the Wiring of the semiconductor device. 
In particular, When copper Wires or copper containing Wires 
are used, it is necessary to form a copper diffusion stopper 
?lm in a Wiring layer adjacent to the Wire. 

Pay attention to, for example, the attached portions of the 
?fth and sixth Wiring layers 100a' and 1006 shoWn in FIG. 
6B. In this case, no particular copper diffusion stopper ?lm 
is formed betWeen the ?fth and sixth Wiring sections 112a' 
and 1136, but the etch stopper 71a, for example, may be also 
used as a copper diffusion stopper ?lm. 

It is a matter of course that a copper diffusion stopper ?lm, 
if necessary, may be formed betWeen the ?fth and sixth 
Wiring sections 112a' and 1136. For example, a copper 
diffusion stopper ?lm may be formed on the attachment 
surface 1, shoWn in FIG. 6A, obtained by removing the high 
quality glass substrate 83c on the ?fth Wiring layer 100d. In 
this case, it is necessary to form a contact hole in the copper 
diffusion stopper ?lm serving as an insulation ?lm, and to ?ll 



US 6,960,492 B1 
17 

the contact hole With a conductive material, thereby forming 
a contact for connecting the ?fth Wiring section 112d to the 
sixth Wiring section 1136 When the regions 101 and 102 are 
attached. The upper surfaces of the contact and copper 
diffusion stopper ?lm are polished to a mirror ?nish by CMP, 
thereby forming an attachment surface. 
When the ratio of the total metal area to the insulation area 

is 40% or more in the attachment surfaces 1—7, reliable 
attachment is possible. HoWever, the ratio may be less than 
40% depending upon conditions. 

The invention is not limited to the above-described 
embodiments, but may be modi?ed in various Ways Without 
departing from the scope. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A method of manufacturing a semiconductor device 

having a number of Wiring layers, comprising: 
forming an underlayer, the underlayer including a 

substrate, at least one underlayer Wiring layer having a 
Wire portion formed in an upper Wiring trench and a 
plug portion formed in a loWer via hole continuous With 
the upper Wiring trench formed in an interlayer insu 
lation ?lm provided on the substrate, and a ?rst attach 
ment surface in Which an upper surface of the Wire 
portion of the underlayer Wiring layer is exposed; 

forming at least one upper structure, the upper structure 
including at least one upper Wiring layer having a Wire 
portion formed in an upper Wiring trench and a plug 
portion formed in a loWer via hole continuous With the 
upper Wiring trench formed in an interlayer insulation 
?lm and a second attachment surface in Which a loWer 
surface of the plug portion of the upper Wiring layer is 
exposed; and 

linearly arranging the exposed loWer surface of the plug 
portion of the upper structure and the exposed upper 
surface of the Wire portion of the underlayer and 
attaching the ?rst and second attachment surfaces to 
each other. 

2. A method according to claim 1, Wherein part of the 
underlayer Wiring layer and part of the upper Wiring layer 
are polished to a mirror ?nish and exposed through the ?rst 
and second attachment surfaces, respectively. 

3. Amethod according to claim 2, Wherein the underlayer 
Wiring layer and the upper Wiring layer are formed of 
copper. 

4. A method according to claim 2, Wherein the ?rst and 
second attachment surfaces are attached by pressing. 

5. A method according to claim 2, Wherein a solder bump 
contact is formed on the second attachment surface. 

6. A method according to claim 2, Wherein a Wiring 
section is formed on a predetermined portion of the second 
attachment surface. 

7. A method according to claim 2, Wherein the upper 
structure has an upper Wiring layer formed on a predeter 
mined reinforcing member, and the second attachment sur 
face is formed by polishing the reinforcing member. 

8. Amethod according to claim 7, Wherein the reinforcing 
member has a conductive section at a predetermined 
position, the conductive section being exposed by the pol 
ishing. 
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9. A method according to claim 7, Wherein an upper 

surface of the upper structure is coated With a protection 
?lm. 

10. A method according to claim 1, Wherein the under 
layer Wiring layer and the upper Wiring layer are formed of 
copper. 

11. A method according to claim 1, Wherein the ?rst and 
second attachment surfaces are attached by pressing. 

12. A semiconductor device having a number of Wiring 
layers, comprising: 

an underlayer including a substrate, at least one under 
layer Wiring layer having a Wire portion formed in an 
upper Wiring trench and a plug portion formed in a 
loWer via hole continuous With the upper Wiring trench 
formed in an interlayer insulation ?lm provided on the 
substrate, and a ?rst attachment surface in Which an 
upper surface of the Wire portion of the upper Wiring 
layer is exposed; and 
least one upper structure including at least one upper 
Wiring layer having a Wire portion formed in an upper 
Wiring trench and a plug portion formed in a loWer via 
hole continuous With the upper Wiring trench formed in 
an interlayer insulation ?lm and a second attachment 
surface in Which is exposed a loWer surface of the plug 
portion of the upper Wiring layer Which is attached to 
the upper surface the Wire portion of the underlayer 
Wiring layer of the ?rst attachment surface. 

13. A semiconductor device according to claim 12, 
Wherein part of the underlayer Wiring layer and part of the 
upper Wiring layer are polished to a mirror ?nish, exposed 
through the ?rst and second attachment surfaces, 
respectively, and attached to each other. 

14. A semiconductor device according to claim 13, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

15. A semiconductor device according to claim 12, 
Wherein the underlayer Wiring layer and the upper Wiring 
layer are formed of copper. 

16. Asemiconductor device according to claim 15, further 
comprising a diffusion stopper ?lm formed along surfaces of 
the underlayer Wiring layer and the upper Wiring layer, the 
diffusion stopper ?lm preventing diffusion of copper con 
tained in the underlayer Wiring layer and the upper Wiring 
layer. 

17. A semiconductor device according to claim 16, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

18. A semiconductor device according to claim 15, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

19. A semiconductor device according to claim 12, 
Wherein the second attachment surface has a solder bump 
contact on a predetermined portion thereof. 

20. A semiconductor device according to claim 19, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

21. A semiconductor device according to claim 12, 
Wherein the second attachment surface has a Wiring section 
on a predetermined portion thereof. 

22. A semiconductor device according to claim 21, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

23. A semiconductor device according to claim 12, 
Wherein the upper structure has a predetermined reinforcing 
member and an upper Wiring layer formed on the reinforcing 
member, the reinforcing member having a conductive sec 
tion formed at a predetermined position, the conductive 
section being exposed through the second attachment sur 
face. 

at 
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24. A semiconductor device according to claim 23, 
Wherein an upper surface of the upper structure is coated 
With a protection ?lm. 

25. A semiconductor device according to claim 24, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

26. A semiconductor device according to claim 23, 
Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 
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27. A semiconductor device according to claim 12, 

Wherein not less than 40% of each of the ?rst and second 
attachment surfaces is a metal. 

28. A semiconductor device according to claim 12, 
Wherein the Wire portion of the upper structure is thicker 
than the Wire portion of the underlayer. 


